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Abstract ' A Green's function technique is developed lor the estimation of lattice relaxation in alkali halide and metallic solid solutions For a 
finite concentration of defects, we do not consider the defect-defect intexaction directly, but assume the crystal to be an elastic continuum where 
distortions due to different defect ions get superposed in such a way that at any stage of the process the defect crystal retains its perfect lattice siruciuie 
with a modified lattice parameter. We use Huang's idea ol unifomi lattice dilatation to determine r(;^), nearest neighbour (n n ) separation as a function 
of concentration (;i^  ) of substitutional impurities over the entire concentration range ( = 0 to 1) We have estimated the n n relaxations and w,
from a static Green's function model. Application of the present model to alkali halide and metallic solid solutions shows encouraging results. For alkali 
halide (KCl-KBr and NaCl-KCl) solid solutions, we consider repulsive two-body Born-Meycr type interaction and for metallic (Cu-Au and Cu-Ni) solid 
solutions, we take Morse potential function to determine the n.n. relaxations
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1. Introduction
P rom  early  w o rk s  on  e q u il ib r iu m  d ia g ra m , it is c le a r  th a t th e  first 
a d d itio n  o f  o n e  b in a ry  c o m p o u n d  to  a n o th e r  b in a ry  c o m p o u n d  
d o cs n o t p ro d u c e  a  n e w  p h a se , b u t le a d s  to  a  h o m o g e n e o u s  
a llo y  w h ic h  is  r e g a r d e d  as  a  s o l id  s o lu t io n  o f  o n e  b in a ry  
c o m p o u n d  in  th e  o th e r . X -ra y  d if f ra c t io n  p h o to g ra p h s  sh o w  
tha t th e  g e n e ta l  p a tte rn  o f  th e  lin e s  o r  sp o ts  re m a in  th e  sam e  
b o th  fo r th e  so lid  so lv e n t  a n d  fo r  th e  so lid  so lu tio n s  b u t the  
ex ac t p o s itio n  o f  th e  lin e s  o r  sp o ts  d if fe r  s l ig h tly  fo r  th e  tw o  
cases . T h e se  in v e s tig a tio n s  in d ic a te  th a t th e  so lid  so lu tio n  h as 
th e  s a m e  s t r u c tu r e  a s  th e  p a r e n t  c r y s ta l  a n d  f o r m a tio n  o f  
su b s titu tio n a l so l id  so lu t io n  is a c c o m p a n ie d  w ith  a  u n ifo rm  
la ttice  re la x a tio n , e i th e r  c o n tr a c tio n  o r  e x p a n s io n .
In th e  p re s e n t w o rk , w e  h a v e  e x te n d e d  th e  G re e n ’s fu n c tio n  
tec h n iq u e  d e v e lo p e d  b y  u s (1 ] to  f in d  th e  v ir tu a l c ry s ta l n e a re s t 
n e ig h b o u r  (n . n .)  s e p a ra t io n  r(x)  in  te rm s  o f  th e  n .n . ion  p a ir  
s e p a ra t io n  c o r r e s p o n d in g  to  s o m e  d e fe c t
c o n c e n tra tio n  . I t  is  in te re s t in g  to  n o te  th a t V e g a rd 's  [2] law  
su g g es ts  a  l in e a r  d e p e n d e n c e  o f  X fo r  r ( x )» w h e re a s  th e  p re sen t 
m o d e l f in d s  a  q u a d ra t ic  d e p e n d e n c e  o f  r(x)  o n  X a lo n g  w ith  a  
lin e a r d e p e n d e n c e , w h ic h  s e e m s  to  b e  q u ite  s ig n if ic a n t fro m  th e
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n o n - l in c a r  n a tu re  o f  th e  e x p e r im e n ta l c u rv e s , fo r all a v a ila b le  
a lk a li h a lid e  a n d  m e ta l l ic  so l id  s o lu tio n s . W e h a v e  p lo t te d  
d ev ia tio n  from  the V egard ’s law, ~  ] ’ ' ' 'h e re  t\. (it is defined
in cq . (1 0 )) is th e  n .n . se p a ra tio n  a c c o rd in g  to  V eg ard ’s law , from  
th e  p re se n t m o d e l an d  c o m p a re d  w ith  e x p e rim e n ta l v a lu es  fo r 
tw o  a lkali h a lid e  (K C l-K B r, N aC l-K C I) and  tw o  m eta llic  (C u-A u , 
C u -N i)  so lid  so lu tio n s . F o r  e a c h  c a se  d e v ia tio n  is in th e  rig h t 
d i r e c t i o n  a n d  th e  a g r e e m e n t  is  a l s o  f a i r ly  e n c o u r a g i n g  
c o n s id e r in g  th e  s im p l ic i ty  o f  th e  m o d e l .  E a s y  h a n d l in g  
o p p o rtu n ity  m a k e s  th e  m o d e l su ita b le  fo r  so lid  so lu tio n s  h a v in g  
c o m p lic a te d  s tru c tu re s . T h e  m o d e l is a lre a d y  te s te d  fo r  d ilu te  
m eta llic  so lid  so lu tio n s [3] fo r w h ich  w e h av e  g o t g o o d  ag reem en t 
w ith  th e  e x p e rim e n ta l re su lts .
2. Theory
In  s tu d ie s  o f  p o in t d e fe c ts , it is u su a l to  d iv id e  th e  c ry s ta l in to  
tw o  re g io n s . R e g io n  I c o n s is ts  o f  th e  im m e d ia te  n e ig h b o u rh o o d  
o f  th e  p o in t  d e f e c t ,  a n d  th is  r e g io n  is t r e a te d  in  d e ta i ls ,  
a to m is tic a lly . T h e  re m a in in g  p o rtio n  o f  th e  c ry s ta l is th e  re g io n
II. U s in g  th e  c o n tin u u m  a p p ro x im a tio n  fo r th e  re g io n  II, o n e  
p u ls  th e  re la x a tio n  o f  an  io n  a t a  d is ta n c e  r f ro m  th e  d e fe c t as  
Klr^, w h e re  K  is a  c o n s ta n t w h ic h  w c  ca ll th e  d e fe c t s tre n g th  
c o n s ta n t. R e la x a tio n  o f  an  a to m  in  th e  re g io n  I is  d e n o te d  by  u.
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T h ese  u an d  K are  v ery  im p o rtan t in d e te rm in in g  th e  v a ria tio n  o f  
n .n .  s e p a r a t i o n  o f  a n  a l l o y  w i th  th e  c o n c e n t r a t i o n  o f  
su b s titu tio n a l im p u ritie s .
In  a  so lid  so lu tio n  A X -B X , at an y  s ta g e  o f  c o m p o s it io n  
A ,. ^ any ex p erim en t (c .g . X -ray  d iffrac tio n  ex p erim en ts)
fa ils  to  m e a su re  th e  in d iv id u a l re la x a tio n s  at d if fe re n t s i te s  b u t 
y ie ld s  a re la x a tio n  p ic tu re  on  th e  a v e ra g e , th en  fo r  th is  a v e ra g e  
la ttice  o r  v ir tu a l la ttic e , w c  p ro p o se  a  la ttic e  p a ra m e te r  r(x) 
(n .n . s e p a ra tio n )  g iv e n  by
( 1)
w h ere  ~ n e a r e s t  n e ig h b o u r
s e p a r a t i o n s  b e tw e e n  th e  io n  p a i r s  B <r^  X a n d  A X 
re s p e c tiv e ly , m e a s u re d  (E X A F  m e a s u re m e n ts )  a t (he  s a m e  
c o m p o s itio n  s tag e . F o r  a tin ite  c o n c e n tra tio n  X » w e c o n s id e r  
the  c o n c e n tra tio n  to  b e  a c h ie v e d  by su c c e s s iv e  a d d it io n  o f  a 
s in g le  d e fe c t. A s a  re su lt, h^* >x w ill b e  c h a n g in g
c o n tin u a lly , g ra d u a l ly  r e a c h in g  rB ,,xW
resp ec tiv e ly . I f  in an  A X  h o s t c ry s ta l, a g u e s t io n  B re p la c e s  an 
i.s()valent ion  A , th en  d u e  to  th is  re p la c e m e n t, th e  X  io n  w h ic h  is 
n e a re s t n e ig h b o u r  to  th e  d e fe c t io n  B , re la x e s  by n, (s a y )  a n d  as  
a resu lt n.n . sep ara tio n  r^^x^X)  l^cts re laxed . F-^ollowing H u an g 's  
|4 )  id e a  o f  u n ifo rm  d ila tio n , w c a p p ly  d ilu te  c o n c e n tra t io n  
re la x a tio n  to  fin d  o b ta in
f‘Hi^x(X)-  'l l   ^ + 4 ^  ^1 r g
3v,
+  «i (2)
w h e re  Vj a rc  ih e  n .n .  s e p a r a t i o n  a n d  a to m ic  v o lu m e ,  
re sp e c tiv e ly , o f  th e  p e r fe c t A X  c ry s ta l, X th e  m o le  f ra c tio n  o f  
d e fe c t io n  B  a n d  ff , th e  d e fe c t  s tre n g th  c o n s ta n t. S im ila r ly  
s ta r tin g  fro m  a  p e rfe c t B X  c ry s ta l a n d  re p la c in g  x ' [=(^~  )] 
m o le  frac tio n  o f  B -io n  by  iso v a lc n l d e fe c t ton  A , w c o b ta in
, , ,  , 47tKjr-,Y')
I  3v.j J
+  , (3)
w h e re  is th e  d ilu te  c o n c e n lra iio n  re la x a tio n  o f  X  ion  w h ic h  is 
n ea res t n e ig h b o u r to  d e fe c t ion A , / ^  a n d  arc  th e  n .n . sep a ra tio n  
an d  a to m ic  v o lu m e , re sp e c tiv e ly , o f  th e  p e rfe c t B X  c ry s ta l an d  
is th e  d e fe c t s tre n g th  c o n s ta n t.
F o r e s t im a tio n  o f  d e fe c t s tre n g th  c o n s ta n t, w c  re fe r  to  o u r  
w o rk  [ 1 ] w h e re  a  s m o o th  m e rg in g  o f  th e  m ic ro sc o p ic  re la x a tio n  
e x p e rie n c e d  b y  th e  n e a r  n e ig h b o u rh o o d  o f  th e  d e fe c t io n , to  th e
yield.s
= / : j  Mj (4)
and
K 2 -  *2 »2 r l (5)
w h e re  a n d  ^ 2  c o n s t a n ts  to  b e  d e te r m in e d  f ro m  th e  
b o u n d a ry  c o n d it io n s . U s in g  th e  b o u n d a ry  c o n d it io n s  :
( I ) a t ; i :  =  l ,
^B^x(X) ^ ^ 2  a n d  w c  g e l
a n d




- 1 + - (7)
U sin g  cq.s. (4 -7 )  in  c q s . (2 )  a n d  (3 )  re s p e c tiv e ly , w e  g e l
=  + 0 - 2 : ) « i  (8)
a n d
f'A4-.x(X') =  X') ^2 =  ''v -^X *^2 ' W
w h e re  r , ,  th e  n .n , s e p a ra t io n  a c c o rd in g  to  th e  V e g a rd ’s la w  [2], 
g iv e n  by  (w r itin g  fo r ^^iX) a n d  r ,  fo r  r^.^x^X'))
/; = ( l - ’ 2 :) 'i (10)
S u b s titu tin g  (8 ) an d  (9 ) in eq , (1 ) w c o b ta in  ih e  p re se n t e x p re ss io n  
fo r r(x)  as
r(X) = f\ + 2 r ( l ”'2 r H 'h  + ^ 2 )- ( 1 1 )
W e h a v e  e s t im a te d  //, a n d  // ,  f ro m  a s ta tic  G re e n 's  fu n c tio n  
m o d e l d i.scusscd  in  o u r  p re v io u s  p a p e rs  f I, 3). C a lc u la te d  v a lu e s  
o f  Uj a n d  a re  sh o w n  in  T a b le  1. Hq. ( I I )  g iv e s  us th e  v ir tu a l 
l a l i i c c  p a r a m e t e r  a s  e x p e c t e d  in  t h e  X - r a y  d i i f r a c t i o n  
m e a s u re m e n ts .  T h e  m e th o d  o f  d e te r m in a t io n  o f  th e  M o rs e  
p o te n tia l p a ra m e te r s  is d is c u s s e d  in  d e ta il in  o u r  p re v u m s  p a p e r  
13]. T h e  p a ra m e te rs  u se d  in th e  p re s e n t p a p e r  a rc  ta k e n  fro m  13J.
Table 1. Calculated values of relaxations of 10ns al nearest neighbour sites 
of the defect ion foi dilute deleci concentration The relaxation is given 
in units of 10 ” cm.
System Kelaxation 
(10" cm)
Br in KCI 0.084
Cl in KBr ^ 0 073
in NaCl 0 202
Na^  in KCI {) 1 10
Au in Cu 0.0700
Cu in Au -  0.0262
Ni in Cu -  0.0062
Cu in Ni 0.0053
3, Results and discussion
In  th e  p re s e n t w o rk , w c  h a v e  c a lc u la te d  ) ,  th e  v ir tu a l c ry s ta l
n .n . s e p a ra tio n  fro m  eq . (1 1 )  u t i l i s in g  v a lu e s
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o b ta in e d  fro m  e q . (8 )  a n d  (9 )  re s p e c tiv e ly . W e h a v e  p re s e n te d  
p lo ts  of Ar = [ r ( ; c ) - t h e  d e v ia t io n  f ro m  th e  V e g a rd 's  law , 
o v e r e n tire  c o m p o s it io n  ra n g e  fo r  tw o  a lk a li h a lid e  (N a C l-K C I 
and  K C l-K B r in  F ig u r e s  1 a n d  2 re s p e c tiv e ly )  a n d  tw o  m e ta ll ic
Figure 1. The abscissa of the figure is X and the ordinate is At in 10 ' 
Angstrom. Comparison of = , of the deviation ot the
theoretically calculated values of n n separation / ( / ) ,  from the value 
suggested by Vegard's law, over the entire composition range u> the 
cxi>enmentally observed values for Na(i_^,K^Cl alloy Continuous curves 
are due to the present calculation Experimental values shown by squares, 
arc due to Ahlec f5)
Figure 2. The same as in Figure 1 for KCI(i_„)Br^ alloy
so lid  s o lu tio n  s y s te m s  (C u -A u  a n d  C u -N i in  F ig u re s  3 , 4 )  an d  
c o m p a r e d  w ith  th e  c o r r e s p o n d i n g  e x p e r i m e n t a l  v a lu e s  
C o n s id e r in g  th e  u n c e r ta in t ie s  in  m e a .su re m e n ls  a s  a ls o  in in p u t 
d a ta , th e  a g re e m e n t s e e m s  to  b e  g o o d  ( e x c e p t  C u -N i so l id  
so lu tio n ) . F"or C u -N i sy s te m  th o u g h  th e  p re s e n t m o d e l p re d ic ts  
th e  s ig n  o l Ar  c o r r e c t ly ,  th e  q u a n t i ta t iv e  a g r e e m e n t  w ith  
e x p e r im e n t is v ery  b ad . It is s ig n if ic a n t to  n o te  th a t, a ll a v a ila b le  
m e a s u re m e n ts  on  a lk a li h a lid e  so lid  s o lu tio n s  sh o w  th a t the  
d e p e n d e n c e  o f  r{x)  on  X is n o t l in e a r  in n a tu re  as .suggested  
by  V e g a rd 's  law . T h e  p re s e n t  m o d e l  c o r r e c t ly  o b ta in s  th e  
v a r ia tio n  o f  r{x)  w ith  X o f  q u a d ra t ic  n a tu re . T h is  m o d e l 
a ls o  p re d ic ts  th e  s ig n  o l the  d e v ia t io n  Ar  c o rre c tly . In c a se  o f  
a lk a li h a lid es, all a v a ilab le  m e a su re m e n ts  sh o w  A r to  be p o sitiv e  
as  o b ta in e d  m  th e  p re se n t d e r iv a tio n  It is s ig n if ic a n t th a t the 
p re s e n t m o d e l a lso  p re d ic ts  th a t th e  s ig n  o f  Ar  is n e g a tiv e  fo r 
C u -N i sy s te m . A n o th e r  in te re s t in g  p o in t m ay  be m e n tio n e d  in 
c o n n e c tio n  w ith  th e  C u -N i sy s te m . H e re  Ar  v.v X c u rv e  is 
a sy m m e tr ic a l , as  A r is m a x im u m  to r  X = H n s a sy m m e tr ic  
b e h a v io u r  c a n  no t be e x p la in e d  by  th e  p re se n t m o d e l, b e c a u se  
it is b a se d  on  th e  h a n n o m c  a p p ro x im a tio n . T h e  fact th a t w h e th e r  
(o r  n o t)  th e  a b o v e  a sy m m e tr ic  n a tu re  can  b e  re p ro d u c e d  by 
i n c l u d i n g  a n h a r m o n i c  a p p r o x i m a t i o n  r e q u i r e s  f u r t h e r  
in v e s tig a tio n . F in a lly , w e  like  to  c o n c lu d e  th a t th e  p re se n t m o d e l 
is q u ite  s im p le  b u t s e e m s  to  be fa ir ly  u se fu l, p a r tic u la r ly , its 
p o s s ib le  u t i l i ty  in  c a s e  o f  tw o - p h a s e  s o l id  s o lu t io n s  w ith  
h c te ro s tru c tu re  so lu te s , a p p ro x im a te d  as  is o tro p ic  so lid , m a k e s  
it w o rth  p u rs u in g .
Figure 4. The same as in Figure I lor alloy, but with in
10'  ^ Angstrom Expcnmenial (squares) values arc due lo [7]
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